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GLP-1RA and Muscle Health

* Objectives

* Present how musculoskeletal health could be screened and monitored
for persons taking a GLP-1RA

* Describe some challenges for achieving physical activity guidelines
* Promote musculoskeletal health awareness for persons taking a GLP-1RA
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An Aging Nation
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Trends Shaping 2026

Discover how exercise is transforming to meet our
changing needs in health, technology, and lifestyle.
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https://acsm.org/wp-content/uploads/2025/10/2026-Trends.pdf
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* Physical activity

* Any bodily movement produced by skeletal muscles that results in energy
expenditure (kcal)

* Sedentary behavior

* Any waking behaviors characterized with a low energy expenditure such
as sitting, reclining, or lying

* Physically inactive
* Not achieving Physical Activity Guidelines

Thivel et al. 2018;
Caspersen et al. 1985



https://pmc.ncbi.nlm.nih.gov/articles/PMC6182813/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1424733/

GLP-1RA and Muscle Health

* Dietary recommendations
* 12.3% met fruit intake recommendations
* 10.0% met vegetable intake recommendations

* Physical activity guidelines
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Elgaddal et al. (2022);
Lee et al. (2022)



https://www.cdc.gov/nchs/products/databriefs/db443.htm
https://www.cdc.gov/mmwr/volumes/71/wr/mm7101a1.htm
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e Common barriers
* Time

Social support

Energy

Motivation A

Injury risk

Skill and motor development l‘

* Costs C

* Facility access

* Weather

CDC 2025


https://www.cdc.gov/physical-activity-basics/overcoming-barriers/index.html
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https://www.cdc.gov/nchs/products/databriefs/db508.htm
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* GLP-1R

* Present on the surfaces of many cells in the body (part of G protein-
coupled receptor family)

* GLP-1
* Hormone that regulates blood glucose levels and lipid metabolism
* GLP-1R can bind to GLP-1

* GLP-1RA

* Mimic the action of endogenous GLP-1, activating GLP-1R

* Engages insulin secretion, inhibits glucagon release, delay gastric emptying,
presents appetite suppression

Zhenget al. (2024)



https://pubmed.ncbi.nlm.nih.gov/39289339/
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* Glucagon like peptide-1 receptor agonists (GLP-1RA)
* Class of medications often used to treat type |l diabetes and obesity
* Adverse effects may include, for example, nausea, vomiting, diarrhea
* Adverse effects may lead to a discontinuation rate at about 10%
* Can promote weight loss

Collins et al. (2024);
Zheng et al. (2024);
Moiz et al. (2025)



https://www.ncbi.nlm.nih.gov/books/NBK551568/
https://www.nature.com/articles/s41392-024-01931-z
https://pubmed.ncbi.nlm.nih.gov/39892489/

Table 1. Prescription Process Characteristics Among Websites Selling Online GLP-1 RAs

Table 1. Prescription Process Characteristics Among Websites Selling Online GLP-1 RAs

No. (%)
Websites that prescribed a GLP-1 RA Websites that denied
Characteristics All websites (N = 49) Compounded (n = 39) Branded (n = 6) prescription (n = 4)
Medications sold
Compounded GLP-1 RA 44 (89.8) 39(100) 1(16.7) 4(100)
Branded GLP-1 RA 32(65.3) 23 (59.0) 6(100) 3(75.0)
Compounded and branded GLP-1 RAs 27 (55.1) 23(59.0) 1(16.7) 3(75.0)
Generic liraglutide 5(10.2) 3(7.7) 2(33.3) 0
Questions from questionnaires and calls®
Used questionnaire 49 (100) 39(100) 6 (100) 4 (100)
Height and weight 49 (100) 39(100) 6(100) 4(100)
Medical conditions 48 (98.0) 39(100) 5(83.3) 4(100)
Any medications and allergies 46 (93.9) 37(94.9) 5(83.3) 4 (100)
Contraindications” 45(91.8) 36(92.3) 5(83.3) 4(100)
Warnings and precautions* 44 (89.8) 35(89.7) 5(83.3) 4(100)
Weight loss goals 39(79.6) 31(79.5) 5(83.3) 3(75.0)
Surgical history 39(79.6) 32(82.1) 4(66.7) 3(75.0)
Prior nonpharmacological weight loss attempts 32 (65.3) 25(64.1) 4(66.7) 3(75.0)
Diet and physical activity 26(53.1) 22(56.4) 2(33.3) 2(50.0)
Eating disorders 27 (55.1) 22 (56.4) 3(50.0) 2(50.0)
Personalizing compounded GLP-1 RAs® 22(44.9) 20(51.3) 0 2(50.0)
Tobacco/nicotine or alcohol use 19(38.8) 16(41.0) 2(33.3) 1(25.0)
Last medical evaluation 19(38.8) 14 (35.9) 2(33.3) 3(75.0)
Request for blood pressure, glucose, cholesterol, 18(36.7) 14 (35.9) 2(33.3) 2(50.0)
or triglyceride values
Having a primary care clinician 9(18.4) 9(23.1) 0 0
No. of questions, median (IQR) 24(19-33) 26(21-33) 18(17-21) 27(17-36)
Payment
Payment information before prescription 43(87.8) 34(87.2) 6(100) 3(75.0)
Payment transaction before prescription 32(65.3) 24 (61.5) 5(83.3) 3(75.0)
Identity verification
License, passport, or social security number 35(71.4) 28(71.8) 4(66.7) 3(75.0)
Photo of face 13 (26.5) 10(25.6) 3(50.0) 0
Upper-body photo 1(2.0) 1(2.6) 0 0
Full-body photo 11(22.4) 8(20.5) 1(16.7) 2(50.0)
Photo standing on a scale 2(4.1) 1(2.6) 1(16.7) 0

Table 2. Characteristics of GLP-1RAs Prescribed

by Online GLP-1RA Sellers

GLP-1 RAs, No. (%)

Characteristics [N = 45]
Compounded semaglutide/tirzepatide 39 (86.7)
Branded semaglutide/tirzepatide B(13.3)
Formulation®
Subcutaneous 319 (86.7)
Sublingual 5(11.1)
Oral 1(2.2)
Supplements”
Added any supplement 27 (60.0)
Vitamin B, , 15(33.3)
Vitamin B; 5(11.1)
Vitamin B or NAD* 4(8.9)
Glycine 7(15.6)
Carnitine 2(4.4)
GLP-1 RA prescribed with upper-body photo 9(20.0)
despite requiring full-body photo
or photo on a scale®
Automatically charged and shipped medication 34 (75.6)
after prescription approval®
Clinician video visit or call duration, 9(6.3-9.8)

median (IQR), min®

Chetty et al. (2026)


https://pubmed.ncbi.nlm.nih.gov/42406378/

TABLE 1. Diabetes Indication and Obesity Status Among GLP-1 RA Users by Year

Characteristic 2018

2019 2020

Number of observations 169,188 208,402 246,345

2021
299,806

2022 2023
411,276 650,648

Study groups, n (%)

Diabetes indication 150,710 (89%) 185,499 (89%) 218,970 (89%)
Group 1: not obese/overweight 86,302 (51%]) 104,887 (50%) 130,283 (53%)
Group 2: obese/overweight 64,408 (38%) 80,612 (39%) 88,687 (36%)

No diabetes indication 18,478 (11%) 22,903 (11%) 27,375 (11%)
Group 3: not obese/overweight 7599 (4.5%) 9439 (4.5%) 11,923 (4.8%)
Group 4: obese/overweight 10,879 (6.4%) 13,464 (6.5%) 15,452 (6.3%)

GLP-1 RA, glucagon-like peptide 1 receptor agonist.

FIGURE 1. GLP-1 RA Utilization: Semaglutide vs Other in the Final

Study Sample
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256,860 (86%)]
144,412 (48%)
112,448 (38%)
31,690 (11%)
15,845 (5.3%)
27,101 (9.0%)

317,486 (77%) 431,668 (66%)
171,318 (42%) 301,180 (46%)
146,168 (36%) 130,488 (20%)
93,790 (23%) 218,980 (34%)
32,106 (7.8%) 107,786 (17%)
61,684 (15%) 111,194 (17%)

Ukhanova et al. (2025)



https://pubmed.ncbi.nlm.nih.gov/40829097/

TABLE 2. Descriptive Statistics for Groups Based on Obesity and Diabetes Indication

Characteristic

(1) Diabetes indication:

not obese/overweight

(2) Diabetes indication:
obese/overweight

(3) No diabetes indication:
not obese/overweight

(4) No diabetes indication:
obese/overweight

Age group in years, n (%)
18-34
35-44
45-54
55-64
65-74
275
Age in years, median (IQR)
Sex, n (%)
Female
Male
Insurance, n (%)
Commercial

Medicare Advantage

n= 938,382

23,617 (2.5%)
92,820 (9.9%)
260,994 (28%)
402,072 (43%)
111,027 (12%)
47,852 (5.1%)
57 (50-63)

475,563 (51%)
462,819 (49%)

811,365 (86%)
127,017 (14%)])

n=622811

28,916 (4.6%)
83,979 (13%)
187,514 (30%)
242,810 (39%)
56,670 (9.1%)
22,922 (3.7%)
55 (47-61)

353,035 (57%)]
269,776 (43%)

547,887 (88%)
74,924 (12%)

n=184,698

22,195 (12%)
47,578 (26%)
65,371 (35%)]
43,915 (24%)]
4845 (2.6%)]
794 (0.4%)
48 (40-55)

146,966 (80%)
37,732 (20%)]

181,137 (98%)]
3561 (1.9%)

n=239,774
<.0012
35,295 (15%)
66,020 (28%)
81,754 (34%]
51,716 (22%)
4343 (1.8%)
646 (0.3%)
47 (39-54) <.001®
<.0012
193,414 (81%)
46,360 (19%]
<.0012
235,901 (98%)
3873 (1.6%])

Ukhanova et al. (2025)



https://pubmed.ncbi.nlm.nih.gov/40829097/

GLP-1RA and Muscle Health

* Glucagon like peptide-1 receptor agonists (GLP-1RA)

Figure 1. Percentage of adults with diagnosed diabetes who used GLP-1

Show prom ise for reducin g bo dy welj ght /M AasSS  iniectables, overall and by sex and age group: United States, 2024

Rapid increase in use
Age group and GLP-1RA usage
Risks could be present

Musculoskeletal health

* Rapid weight reduction could be linked to losses in lean body mass
* |n some, up to 40% of overall weight loss is attributed to lean body mass

* Persons with obesity may have greater muscle mass; loss of muscle mass may occur
during weight loss
* Adaptive vs maladaptive muscle response
Vahratian & Warren (2025);

Rosen & Ingelfinger (2026);
Gatto et al. (2025)



https://www.cdc.gov/nchs/products/databriefs/db537.htm
https://www.nejm.org/doi/full/10.1056/NEJMra2500106
https://pubmed.ncbi.nlm.nih.gov/40372699/

GLP-1RA and Muscle Health

* GLP-1RA

* Certain aspects could provide insights

 Semaglutide (Ozempic) and trizepatide (Mounjaro) would be linked to muscle
atrophy relative to all other drugs in the FDA Adverse Event Reporting System

* Weight regain after rapid weight loss
* Ability to restore lost muscle mass after rapid weight loss?

25-
20+
% @ e ~* Diet
E 15+ . Incretin Receptor
E 10— Agonists
2 - Bariatric Surgery
5-
0- i T | 1
0 10 20 30 40 Kwan et al. (2026);

% body weight loss Linge et al. (2024)


https://pubmed.ncbi.nlm.nih.gov/41864088/
https://pubmed.ncbi.nlm.nih.gov/39401279/
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Rossi et al. (2025)


https://pubmed.ncbi.nlm.nih.gov/41201615/
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* GLP-1RA

* Longer-term health implications (muscle health)
* Atrophy
* Muscle tissue loss
* Sarcopenia
* Age-related loss of muscle mass (and sometimes strength/function)
* Sarcopenic obesity Summwif‘smtes

Reduced Physical Performance / Mobility Limitation -

* Inclusion of obesity

Reduced IADL «

. - - I
e Malnourishment wesces oo [T

. . . nE; Increased Risk of Falls
* Biological and environmental factors
Increased Prevalence of Sarcopenia in Hospitalization + MA —

Increased Risk of Hospitalization «
Increased Risk of Nursing Home Admission - . + +

Increased Risk of Mortality

Meta-syntheses Longitudinal Studies  Cross-sectional Studies
Type of Study

Drucker (2025); Ghusn et al. (2024);

Beaudart et al. (2025); Prado et al. (2024)



https://pubmed.ncbi.nlm.nih.gov/40281304/
https://pubmed.ncbi.nlm.nih.gov/39286601/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11929733/
https://www.nature.com/articles/s41574-023-00943-z

GLP-1RA and Muscle Health

* Muscle health during aging
* Age-related peak and declines
* Metabolic function
* Functional preservation

* Acute and chronic stressors

* Physical activity and nutrition remain important lifestyle behavior for preserving
muscle mass and strength during aging

McLeod et al. (2016);
Volpi et al. (2004)



https://pubmed.ncbi.nlm.nih.gov/26791164/
https://pubmed.ncbi.nlm.nih.gov/15192443/
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Mithal et al. (2012);
Peterson et al. (2015)



https://link.springer.com/article/10.1007/s00198-012-2236-y
https://pubmed.ncbi.nlm.nih.gov/26232900/
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POSITIVE
OR PRESENT

* Sarcopenia screening
* Handgrip strength

' uscle mass
* Physical performance

In clinical practice,
this is enough to
trigger assessment of
causes and start
intervention

Sarcopenia
probable*

Muscle quantity ENESYINg

or quality
DXA; BIA, CT, MRI

Sarcopenia
confirmed

Physical

Performance
Gait speed, SPPB,

Sarcopenia
severe

TUG, 400m walk

Cruz-Jentoft et al. (2019)



https://academic.oup.com/ageing/article/48/1/16/5126243?login=true

GLP-1RA and Muscle Health

* Sarcopenia screening
* Handgrip strength
e Geriatric M’s
* Muscle mass
* Physical performance

ORGAN FULL BODY INDIVIDUAL

Muscle function
Physical performance Activities of daily living
(strength, power)

Beaudart et al. (2019)



https://pubmed.ncbi.nlm.nih.gov/30972475/

GLP-1RA and Muscle Health

* Handgrip strength
* Convenient and reliable
* Easytouse
 Simple to learn
* Private
* Inclusive
* Clinical conversations
* Cut-points and percentiles exist




GLP-1RA and Muscle Health

* Example for measuring handgrip strength
e Chair with back and arm rests
* Feet flat
* Explain and demonstrate
* Adjust to hand size
* Squeeze and exhale
* Record measures
* Alternate for 2-3 trials
* Highest recorded measure is often included
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* Sarcopenia screening
* Handgrip strength
* Muscle mass
* Physical performance




GLP-1RA and Muscle Health

* Sarcopenia screening
* Handgrip strength
* Muscle mass

* Physical performance .

* Mobility related tasks
* Gait speed
 Chair stands

e TUG
* Basic self-care )
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n=35
Muscle Health Concern 42427
Bone Health Concern 4229
Healthcare Provider Muscle Disease Discussion (n (%0))
Always 0(0.0)
Often 3(8.6)
Sometimes 9(25.7
Never 23(65.7)
Healthcare Provider Bone Disease Discussion (n (%))
Always 0(0.0)
Often 3(86)
Sometimes 7(20.00
Never 25(714)
Healthcare Provider Handgrip Strength Measure (n (%))
Always 0(0.0)
Often 0(0.0)
Sometimes 251N
Never 33(943)
Healtheare Provider Muscle Mass Measure (n (%))
Always 251N
Often 0(0.0)
Sometimes 3(8.6)
Never 30(85.7)
Healthcare Provider Gait Speed Measure (n (%))
Always 0(0.0)
Often 0(0.0)
Sometimes 129
Never 34(97.1)

Note: Results are presented as meantstandard deviation or frequency (percentage) where appropriate. Findings presented as meantstandard deviation
were scored on a 10-point Likert scale.
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* GLP-1RA

* Possible importance of physical activity (e.g., resistance training) and
nutrition when taking a GLP-1RA for muscle health

* Awareness for short- and long-term musculoskeletal health
* Patient and healthcare provider discussions

* Measures of muscle health

* Other health-related connections could be crucial (e.g., RD)
* Considerations for risks-benefits



GLP-1RA and Muscle Health

* Case report

* Patient
* 59yearold male
* Medical history
* Type ll diabetes and sedentary lifestyle
* Therapy
» Started GLP-1RA about 6 months ago for weight management and glycemic control
* Matter

* Rapid weight reduction of 35 lbs. But complains of challenges standing from a chair,
fatigue, and feeling of frailty

e Assessments

* Notable reductions in body weight, lean body mass, and physical function (handgrip
strength, chair stands)
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* True or False: Approximately 40% of American adults are
classified as obese based on their body mass index
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* True of False: Handgrip strength can be used as a convenient and
reliable measure of overall muscle strength
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* True or False: Glucagon like peptide-1 receptor agonists are a
classification of medications often used to treat type |l diabetes
and obesity
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Thank you!

ryan.mcgrath@ndsu.edu
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